Objectives: Skin graft failure is a recognised complication in the treatment of major burns. Little research to date has analysed the impact of the complex physiological management of burns patients on the success of skin grafting. We analysed surgical and anaesthetic variables to identify factors contributing to graft failure.
Introduction
The treatment of burns is complex due to the combination of hypermetabolic physiological response and the need for good functional and cosmetic recovery. Critical care input is often required and a recent systematic review of European burns epidemiology data revealed that up to 22% of patients presenting with burns require specialist treatment on a Burns Intensive Care Unit (BICU). 1 Although the global incidence of burns is decreasing and survival has increased predominantly due to the advent of early excision and grafting, 2,3 mortality from late complications persist. The major cause of death from burns is now pneumonia secondary to inhalational injury. 2, 3 Reducing the time spent on ventilators and in BICU where patients are susceptible to increasing numbers of multiresistant bacteria can only help to further reduce mortality.
In addition to maintaining end organ perfusion, fluid resuscitation also helps prevent progression of burns. Three zones within a burn wound are described: necrotic; static; and hyperaemic. With physiological optimisation of the patient, the areas of stasis can be prevented from becoming necrotic 4 and may therefore remain viable. Early debridement of the necrotic areas, usually within 48 h, reduces the hypermetabolic response to burns injury 5 and early skin grafting is beneficial to prevent contractures. 4 Splitthickness skin grafts (STSGs) are commonly used to cover large areas of burn and allow re-harvesting from the donor site. 4 STSG failure is usually caused by infection, haematoma or seroma formation and necrosis; failed STSGs often require re-grafting. 4 Although a multi-specialty approach to burns patients has been developed in the modern BICU, there is little research at present on wider factors which may influence graft failure such as the effect of interventions made by intensivists. Although infection and bacterial colonisation are widely known to cause graft failure, 6 there are often instances of graft failure in non-infected grafts. Considering the hypermetabolic status of the patient at the time of grafting and the sometimes complex co-morbidities in this group of patients, it is likely that there are other factors which contribute and it is this which was the focus of our study.
Our BICU is a tertiary referral centre for London and patients are jointly managed by intensive care specialists, specialist burns surgeons and burns anaesthetists. The aim of our study was to assess whether interventions made intraoperatively contributed to autograft failure.
Methods

Clinical governance
This study followed the UK Good Code of Practice (GCP) in research, Patient's Protection Act 1998 and had obtained NHS approval, Registration Reference Number 506.
Study sample
The cases-notes of any patient admitted to BICU with a major burn (as defined by the American Burns Association, Table 1 ) at Chelsea and Westminster Hospital (London, UK) between January 2009 and October 2013 were retrospectively reviewed. Data were collected from surgical and anaesthetic records on all surgical procedures for each patient. After exclusion for death prior to hospital discharge, initial skin grafting before admission to Chelsea and Westminster and missing anaesthetics records, 35 patients' records remained for analysis. Of these records, there were a total 191 surgical procedures performed. The patients who were included were divided into two groups based on whether they had any degree of autograft failure at any point. In the group with entirely successful autografts (Group A) there were 16 patients with 53 surgical procedures. In the group of patients who had any degree of autograft failure (Group B, n = 19) there were 138 surgical procedures (Figure 1 ). Graft failure was defined as any graft which required return to theatre for re-grafting as identified by the surgical team. 4 A total of 191 surgical procedures were included in the analysis.
Study variables
Data were collected by the researchers on any variable likely to affect skin graft viability. These were divided into patient factors, surgical factors and anaesthetic factors. Surgical and patient factors were collected for each patient and the anaesthetic factors were collected for each surgical procedure for each patient. All variables analysed are listed in Table 2 . Patient factors included age, % total burn surface area (TBSA), Belgian Outcome of Burns Injury (BOBI) score, pre-existing co-morbidities and systemic complications of injury. Surgical factors were sites of autograft, sites of skin harvest, burn aetiology, length of stay and total number of surgeries for each patient. Wound colonisation by type of bacteria isolated on skin swab was also analysed along with number of different antimicrobials given per patient. Anaesthetics data were collected on intraoperative management and analysed type and total volume of fluid (crystalloid and colloid) and blood products, preoperative haemoglobin (Hb), inotrope use, intraoperative temperature and choice of inhalational agent.
Data analysis
Given the large number of categorical variables, a descriptive analysis of all data was performed initially. Fisher's exact test (two-tailed) and T-tests were employed to identify variables where significant differences existed between the groups. Variables which showed significant differences (P <0.05) were entered into univariate logistic regression. Those which maintained significance were taken forward to the multivariate logistic regression and combined with the anaesthetic data. Anaesthetics data were collected for each of the 191 surgical procedures performed. Categorical variables were again initially analysed by descriptive statistics. Univariable logistic regression was carried out for continuous data. Important variables which were likely to be confounders were also carried forwards to the multivariate analysis. Temperature was analysed by quartile to account for a number of missing data. The minimum and maximum temperatures from each operation were recorded where available. Surgical procedures fell into three categories: debridement only (n = 32); STSGs (n = 81); and change of dressings (CODs) (n = 78). Three different multivariate regression analyses were performed according to surgery type. STSG only, STSG + Debridement and All Surgical Procedure. As there was a significant difference in the number of surgical procedures between the two groups, repeated measures were accounted for by performing averages for each variable for each patient so that each patient had equal weighting within the analysis.
The multivariate logistic regression was performed with backwards exclusion of variables. Important covariates were included throughout. Data analysis was performed using SPSS TM Version 22.0 (IBM). Hosmer and Lemeshow test was used to confirm goodness of fit of the model.
Results
Of the 35 patients included in the final analysis, a total of 16 had successful autografts with 53 surgical procedures between them (group A) and 19 had autografts which required at least one further surgery with a total 138 surgical procedures between them (group B). The length of total hospital stay was significantly longer in patients who had autograft failure compared to those who did not (83.84 days vs. 36.19 days, P = 0.05) and the length of stay on BICU was longer although not significantly (22.84 days vs. 12.56 days, P = 0.129). No significant differences were found in age, BOBI score or TBSA between the groups (Table 3) . A higher proportion of patients in the graft failure group were women but this was not significant (47.3% vs. 25%, P = 0.29).
Descriptive statistics
No differences were found in descriptive analysis of the site grafted, wound colonisation and antibiotics usage or burn aetiology. Significantly more patients in the failure group had autograft taken from the buttock (P = 0.049). No other differences in the site of autograft harvest were found between the groups. Equally, Matriderm biological scaffold was used in significantly more patients who had graft failure than those who did not (P = 0.049). Interestingly there were more diabetic patients in the successful graft group as opposed to the graft failure group (4 vs. 0, P = 0.035). There was no difference in the rates of any other pre-existing co-morbidities or systemic complications. No differences were found in rates of graft colonisation with Grampositive, Gram-negative or mixed bacteria. No differences were found in rates of MRSA colonisation between patients or use of multiple courses of antibiotics. A full table of descriptive statistics is found in appendix i.
In terms of the descriptive analysis of anaesthetic data, no differences in choice of inhalational agent were found (Table 4 ). All operations used an inhalational maintenance agent. There was no use of total intravenous anaesthesia (TIVA). Platelets were only given in 4/191 operations (2%) and fresh frozen plasma in 15/191 operations (7.8%). Neither were found to be significant by two-tailed T-test and so were not carried forward to the logistic regression analysis. No significant differences were found in minimum and maximum intraoperative temperatures when analysed using Fisher's exact test (Table 5) . Noradrenaline infusion was used in 10/53 (18.87%) surgeries in Group A and 36/138 (26.09%) surgeries in Group B. This was not found to be significant (P = 0.348, Fisher's exact two-sided). Metaraminol and Ephedrine were given as boluses and were therefore analysed by univariate logistic regression.
Univariate logistic regression
None of the differences found between the groups in terms of buttock harvest site, matriderm scaffold or pre-existing diabetes retained significance when entered in a univariate logistic regression. These were therefore not carried forwards to multivariate regression. In univariate analysis, colloid use was significantly associated with graft failure in the analysis of STSG only surgical procedures (P = 0.040) and retained near significance in the STSG + Debridement surgical procedures analysis (P = 0.080) and All Surgical Procedure analysis (0.063) ( Table 6 ).
Multivariate logistic regression
There was no difference in crystalloid, preoperative Hb or inotrope use between the groups. In the STSG only and All Surgical Procedure analysis, colloid use remained positively associated with graft failure in multivariate logistic regression (Tables 7  and 8 ). In the STSG + Debridement models, colloids were not significant although the P value was 0.056 (Table 9 ).
Discussion
Principal findings
An indisputable finding of our study is that patients who had graft failure were seriously disadvantaged in terms of overall length of hospital stay, length of stay on BICU, length of follow-up and total numbers of operations. Since there was very little difference in terms of age and severity of initial injury, we can suggest that this discrepancy was due to the graft failure itself. Therefore, graft failure is a serious complication and indirectly increases the risk of hospital-acquired infections associated with BICU stay and subsequently requires longer periods of follow-up for rehabilitation and reconstructive surgeries when finally discharged from hospital. From the perspective of the health service this also results in significantly increased costs.
Ultimately no significant differences were found in terms of surgical factors meaning that autograft failure was not found to be influenced by site of the burn, site of skin harvest, biological scaffold use and graft colonisation or infection.
Our finding that there was an association between total volume of colloid use intraoperatively and skin graft failure is interesting and is further discussed below. Only fluids given intraoperatively were analysed in this study. Although the monitoring of specific fluid balance was beyond the scope of this paper, what was measured was the total colloid and total crystalloid use in each surgery. Larger volumes of colloids were given intraoperatively in the graft failure group but the overall fluid volumes given were the same between groups meaning that the group with graft failure were given higher proportions of colloids rather than larger volumes of fluids overall.
Comparison with existing literature
To our knowledge this is the first study to look at the how anaesthetic factors may specifically affect the likelihood of graft failure. It is widely accepted that bacterial colonisation and infection of grafts may result in failure. 4, 6 There is still debate about the benefits and drawbacks of the use of colloids. On the one hand, fluid overload is known to be associated with poorer outcomes in ITU patients and colloids allow smaller volumes to be given for the same effect on preload. Theoretically a ratio of 1:4 has been quoted although a recent meta-analysis found that on average only 1.5 times more crystalloid than colloid was required to produce the same effect on haemodynamics including for sepsis. 7 On the other hand, the large colloid particles stay in the body for longer and in patients with septic shock it is hypothesised that these particles leak out into the peripheral tissues due to increased vascular permeability. This is likely due to disruption of the glycocalyx layer on the endothelium which is thought to be the first barrier to physiological intravascular colloid loss. 8 Once in the tissues, the colloid particles cause increased oncotic pressure resulting in oedema. The shock seen in burns injury is similar to that seen in sepsis and it could be this effect that may negatively impact graft healing. Synthetic colloids have been in use for more than 40 years and classically concerns have focused on the use of hydroxyethyl starch based solutions which have been found in randomised controlled trials to be associated with increased kidney injury and, in patients with sepsis, death. In the UK their use has fallen out of favour due to these safety concerns. 9 A recent study published in the BMJ looked at the use of 6% HES and 5% albumin solutions in perioperative management of elective surgery and found that patients receiving these fluids had a higher incidence of acute kidney injury and other complications compared with patients who had received neither. 10 This shows clearly that certain types of colloids present safety concerns even in noncritically ill patients. It is not only hydroxyethyl starch based solutions which have been associated with increased rates of renal failure however. Gelatin solutions have also been found to results in higher numbers of patients requiring renal replacement therapy compared to those given only crystalloids. 11 All of the patients in our study received gelatin-based colloids as this was the colloid in use at our hospital during the dates of the study. An animal model which evaluated the use of colloids on wound healing in rats found that gelatin-based solutions were detrimental to wound healing when compared with HES solutions and crystalloids. 12 This was hypothesised to be due to the effect of clot formation. To our knowledge, no studies have previously identified a link between colloid use and graft failure.
Strengths and limitations
The key strength of our data lies in the number of variables considered. We looked at both the surgical and anaesthetic factors which may lead to autograft failure and found no difference in the key variables which are often quoted as the cause of skin graft failure such as temperature and infection. Equally our groups were well matched in terms of age and TBSA%. We limited our study to patients in intensive care so that they were reasonable well matched in terms of physiological stability. There were no significant differences in the instability of patients between the two groups when factors such as preoperative Hb, intraoperative temperature and vasopressor use are taken as proxy measures of this. We had small numbers of patient in both groups, which may limit the size of the effects seen. We also excluded patients who had died as it was impossible to tell whether had they survived, they would have had completely successful skin grafts. It is difficult in a single-centre study to produce larger numbers of patients given the relative rarity of severe burn injuries. Additionally, graft failure is ill-defined in the pre-existing literature. For our study we defined skin graft failure as any patient who required a return trip to theatre for re-grafting. If only part of the skin graft fails to take, then there is likely to be variability between individual surgeons over which patients may require re-grafting and which may not.
Conclusions and further works
Although we have small numbers of patients included in the study, the finding that colloids could be associated with graft failure is interesting and has a theoretical basis to support it. This study did not find differences in the numbers of colonised skin grafts meaning that this commonly accepted cause of graft failure has not compounded our findings. A further prospective study with larger numbers is required to determine whether the association of colloid use with autograft failure is indeed a true finding. It would also be important to look at the types of fluids used during initial resuscitation and maintenance on BICU.
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